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ABSTRACT
The basal conglomerate of the Willow Tank Formation is
the initial foreland basin sediment that was derived from
highlands created by the Sevier thrust belt and dispersed
across an irregular surface of Jurassic Aztec Sandstone in
southern Nevada.

The conglomerate varies from 5.5 to 34.5 m

in thickness and is composed of two compositionally distinct
units.

The lower conglomerate is composed of Precambrian

and Ordovician metaquartz-arenites, and Triassic and
Jurassic sedimentary clasts, and its sandstone interbeds and
matrix are chert-arenite.

This unit represents the initial

uplift and erosion of the Gass Peak and Willow Tank thrusts.
The predominance of Paleozoic limestone clasts in the upper
conglomerate suggests subsequent erosion of Arrow Canyon,
Dry Lake or Muddy Mountain thrusts.

The relative timing of

movement on these latter three thrusts cannot be determined
from the conglomerate composition because they all carry
similar Paleozoic limestone sequences.
Conglomerate and sandstone lithofacies represent
deposition by aggrading and migrating longitudinal bars,
dunes, ripples and horizontal plane beds in a braided stream
system.

Comparison of the vertical and lateral distribution

of these lithofacies suggests that the sediments were part
of a large proximal braid-plain complex.

Measurements

of imbricated clasts indicate a predominant west-northwest
to east-southeast transport direction.
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INTRODUCTION

The

Sevier orogeny was a major compressional tectonic

event that affected the western margin of the North American
continent during Early Jurassic to Cretaceous time
(Burchfiel and Davis, 1971, Bohannon, 1983b).

During this

event, imbricate plates containing thick sequences of
Paleozoic rocks of continental shelf origin were thrust
eastward over thinner sequences that had accumulated in
innershelf and cratonic settings.

Synorogenic sediments

derived from erosion of thrusted sequences were deposited in
a foreland basin that developed to the east of the orogenic
highlands (Armstrong, 1968).

The 150-m-thick Willow Tank

formation, which is composed of basal conglomerates and an
upper mudstone-sandstone sequence, constitutes the earliest
Sevier-related deposits in southern Nevada.

It is an

unusually complete sequence of synorogenic strata because,
unlike others, it was not completely cannibalized as
thrusting migrated eastward.

Furthermore, the formation is

well exposed in the Muddy and North Muddy Mountains of Clark
County, Nevada (Fig. 1) and the geology of the ranges
studied extensively by Longwell (1921, 1949, 1962), Longwell
and others (1965), Temple (1979), and Bohannon (1977a,
1977b, 1979, 1981, 1983a, 1983b).
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The basal conglomerates of the Willow Tank Formation
were the focus of this study in order to better understand
depositional processes active during initial sedimentation
in a foreland basin; and to decipher the timing of Sevier
thrust movements on a local scale.

Consequently, the goals

of this study were to determine the source of the detritus;
delineate the major structural features that uplifted the
source areas and controlled, at least in part, synorogenic
deposition; and deduce the processes active in
transportation and deposition of the basal conglomerates of
the Willow Tank Formation. It is concluded from this study
that the conglomerates represent synorogenic proximal
braid-plain deposits that accumulated east of the Sevier
orogenic belt, and were derived from the upper plates of
several nearby thrusts.

In order to substantiate these

conclusions, the stratigraphy, lithology, petrography, and
lithofacies of the conglomerates are described in subsequent
sections of this paper.

In addition, structural features

are summarized that occur in the vicinity of the study area
and may have produced or controlled the syntectonic
deposition of the basal conglomerates.

Included in the

appendices are detailed stratigraphic sections; descriptions
of the basal conglomerates and their location within the
study area; pebble and cobble lithology types and
quantities; measurements of imbricated clasts and their
calculated paleoflow directions (rose diagrams).
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GEOLOGIC SETTING
STRUCTURAL SETTING
From the Middle Jurassic until the end of the Mesozoic,
tectonic activity in Nevada was probably continuous
(Stewart, 1980); however, most of Nevada was in the
hinterland of the Sevier orogenic belt (Armstrong, 1968).
In eastern California, southern Nevada and western Utah,
tectonism was characterized by large-scale folds and
imbricate thrust plates that developed as a series of
north-northeast trending features (Armstrong, 1968; Fleck,
1970).

The thrusts in southern Nevada carried Precambrian

and Phanerozoic sedimentary rocks (Fig. 2; Longwell, 1949;
Armstrong, 1968; Fleck, 1970; and Burchfiel and others,
1974), and they produced approximately 35 to 72 km (22 to 45
mi) of crustal shortening (Burchfiel and others, 1974).

The

oldest thrusts lie in eastern California where thrusting
occurred as early as Late Triassic or Early Jurassic
(Burchfiel and Davis, 1971).

The dating of these earliest

movements of Sevier thrusts was documented by dating Late
Cretaceous plutons that cross-cut the thrusts (Burchfiel and
others, 1974).

In southern Nevada, the Upper Cretaceous

Overton Conglomerate Member of the Baseline Formation is
truncated by the Muddy Mountain thrust indicating that
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Sevier thrusting was active locally in the Early Cretaceous.
Within southern Nevada, numerous Sevier thrusts have
been recognized and contributed to the development of the
Willow Tank Formation.

Bohannon (1983b) concluded that

relief was produced and the locus of deposition of the
Willow Tank Formation was controlled by the Summit, Willow
Tank and Muddy Mountain thrusts within the Muddy and north
Muddy Mountains area (Fig. 3).

Although the allochthons of

these thrusts contain formations that contributed some of
the detritus for the Willow Tank conglomerate, it will be
shown that other formations carried by thrusts to the west
also must have contributed detritus to the conglomerates of
the Willow Tank.

These additional thrusts include the Gass

Peak, Arrow Canyon, and Dry Lake thrusts.

All are

considered to be related to the Sevier orogeny (Fig. 3)
(Armstrong, 1968? Fleck, 1970; Bohannon, 1983a, 1983b).
These thrusts lie north of the Las Vegas Valley shear zone
and have been displaced during the Tertiary, but neverthe
less they were factors in the development of the Willow Tank
Formation.

Southward across the shear zone, the Keystone,

Lee Canyon, and Wheeler Peak (Fig. 3) are correlative with
the Muddy (Burchfiel and Davis, 1971), Dry Lake and the Gass
Peak thrusts, respectively (Fleck, 1970).
Summit and Willow Tank Thrusts
The Summit thrust (Fig. 4) lies approximately 0.8 km
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(0.5 mi) north of Arrowhead fault and adjacent to the
southwest corner of Valley of Fire (Longwell, 1949).

The

thrust strikes northwest and dips southwest approximately 35
degrees.

This thrust was interpreted by Longwell (1949) to

be of Late Mesozoic age.

Allochthonous rocks consisting

of

overturned Kaibab, Moenkopi, and Aztec were placed over
autochthonous Aztec Sandstone in southwestern Valley of Fire
State Park.

In the northern part of Valley of Fire State

Park, the thrust carried Permian redbeds over Aztec
Sandstone.
The Willow Tank thrust (Fig. 4), located within Valley
of Fire, was first described by Longwell (1949).

Within the

Tearfault Mesa area of Valley of Fire, Aztec Sandstone was
carried by the Willow Tank thrust over Aztec Sandstone.

In

the northern part of Valley of Fire, Upper Triassic Chinle
and Moenkopi formations, and Jurassic Aztec Sandstone
structurally overlie the Cretaceous Willow Tank Formation
and Baseline Sandstone.
Muddy Mountain and Glendale Thrusts
Longwell (1921) first described the Muddy Mountain
thrust in the North Muddy Mountains (Fig. 4).

This thrust

fault is Late Mesozoic to Early Tertiary in age (Longwell,
1921, 1949, 1962; Longwell and others, 1965). Bonanza King
Formation structurally overlies autochthonous Aztec
Sandstone west of Buffington Pockets and throughout the
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Muddy Mountain block.

The fault is shallow dipping compared

to the Summit-Willow Tank thrust.
Bohannon (1983b) collectively calls the Muddy
Mountain, Glendale, and Arrowhead faults the Muddy Mountain
thrust.

In the Muddy and North Muddy Mountains, the

allochthon of the Muddy Mountain thrust consists of the
Bonanza King, Dunderberg, Buffington, Monocline Valley
formations; Sultan and Monte Cristo limestones and Bird
Spring Formation. In the North Muddy Mountains, the Muddy
Mountain allochthon consists of similar rock units,
however, the thrust is not everywhere stratigraphically
controlled by the Bonanza King Formation (Bohannon, 1983b).
PALEOZOIC AND MESOZOIC STRATIGRAPHY IN THE STUDY AREA
During Early Paleozoic time, sediments were deposited
within the study area (Fig. 1) across a hingeline between
a stable, cratonic platform on the east and a slowly
subsiding continental shelf to the west (Armstrong, 1968).
Thick sequences of Cambrian to Carboniferous marine
sediments developed west of the hingeline (Fig. 2) in
contrast to thinner cratonic sediments to the east.
Deposition of Permian red beds, Toroweap Formation and
Kaibab Limestone was unaffected by the old hingeline, and
consequently they are similar in thickness and stratigraphy
in the Spring Mountains and the Colorado Plateau. This
similarity indicates a uniform rate of subsidence throughout
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the depositional basin during the Permian.
Triassic and Jurassic sedimentary rocks also indicate
widespread, stable depositional conditions (Bohannon,
1983b).

The Moenkopi Formation represents continental,

marginal marine, and nearshore marine deposition (Reif and
Slatt, 1979) .

The Upper Triassic Chinle Formation comprises

two members, the basal Shinarump conglomerate, composed of
characteristic red, brown and green chert, and upper
Petrified Forest Member, and it was deposited in a fluvial
setting (Stewart and others, 1972).

The Triassic Moenave,

and laterally equivalent Kayenta Formations, conformably
overlie the Chinle Formation and represent fluvial-deltaic
deposition (Wilson and Stewart, 1967).

These formations are

in turn overlain by the Jurassic Aztec Sandstone, which is a
thick, eolian deposit.

Unconformably overlying the

sandstone are the synorogenic deposits of the Cretaceous
Willow Tank Formation (Fig. 5).
CRETACEOUS WILLOW TANK FORMATION
Description
Longwell (1949) formally described the 150-m-thick
Willow Tank Formation, which is the lowermost formation in
the sequence of Cretaceous synorogenic strata in the Muddy
and North Muddy Mountains.

The formation was further

divided into the basal conglomerates, medial volcanic ash,

12

Figure 5a.

Cretaceous Willow Tank Formation in Valley of
Fire State Park.

Figure 5b.

Willow Tank conglomerates unconformably
overlying Jurassic Aztec Sandstone in Valley of
Fire State Park.

Arrow at unconformity.
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and upper interbedded sandstone and mudstone units
(Longwell, 1949? Bohannon, 1983a, 1983b).
Basal Conglomerates
The basal conglomerates unconformably overlie an
erosional surface of Jurassic Aztec Sandstone (Fig. 6a) that
shows incised valleys up to 6 m deep.

Based on measurement

of stratigraphic sections in the study area, the
conglomerate ranges in thickness from 5.5 to 34.5 m.

It is

exposed throughout Valley of Fire State Park, north of
Valley of Fire State Park along the eastern front of the
North Muddy Mountains, and in the Gale Hills area, south of
Muddy Peak; all of which lie within the study area (Fig. 1).
The Willow Tank Formation is also present in the Virgin
Mountains east of Lake Mead (Bohannon, 1984), but this area
was not examined during the study.

In outcrop, the

weathered surface of the Willow Tank conglomerate is red,
black-brown, or black from desert varnish that typically
covers the unit.
This study recognizes, on the basis of compositional
variation, two distinct conglomerates within the basal unit
of the Willow Tank Formation, and they will hereafter be
referred to as the lower and upper conglomerates (Fig. 6b).
Both conglomerates are composed typically of clast-supported
pebbles and cobbles with a medium- to coarse-grained sand
matrix.

However, within the lower conglomerate, several

14

Figure 6a.

Willow Tank conglomerate filling an erosional
surface on the Aztec Sandstone.

Figure 6b.

Calcareous paleosol horizon within Willow Tank
conglomerates.

M m m r n

large blocks (approximately 3.5 meters in width) composed of
Aztec Sandstone were observed in the Gale Hills and
Tearfault Mesa area of Valley of Fire.

The lower

conglomerate is not everywhere present, but locally is up to
10 m thick. It is composed primarily of sandstone clasts and
has interbedded sandstones and sand-sized matrix composed of
abundant chert grains.

Limestone is the predominant clast

type in the upper conglomerate, and its interbedded
sandstones and matrixes are calclithites (Folk, 1974).
Thickness of the upper conglomerate varies from 1.95 to
34.5 m and may lie unconformably on the Aztec where the
lower conglomerate is not present.
Paleosol
Where both conglomerates are present, they are
separated from one another by a thin (<6 cm) white
calcareous horizon or paleosol (Fig. 6b).

The paleosol is

laterally discontinuous and forms thin crusts over pebbles
of the lower conglomerate.

This calcareous horizon may have

formed in a manner similar to that described by Gile and
others,

(1966).

Calcium carbonate was dissolved from a

calcareous parent material, which was probably limestone and
limestone clasts; rainwater carried the calcium downward
through the soil profile, but subsequent evaporation allowed
precipitation of the calcium carbonate onto pebbles.
Typically, a semi-arid or sub-humid climate with seasonal
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rainfall and high evaporation is necessary for the formation
of calcareous paleosols (Harrison, 1977).

Similar

calcareous paleosols have been documented in other ancient
sedimentary sequences (Steel, 1974; Leeder, 1975; Hubert,
1977) and in immature Eocene caliche paleosols in coarse
grained, bedload-dominated rivers (Atkinson, 1986) similar
to those represented by the Willow Tank conglomerates.
Medial Volcanic Ash
A laterally continuous, bentonitic volcanic ash
overlies an irregular surface of the upper conglomerate.
The ash is white with abundant black- or brown-weathered
biotite grains.

It varies in thickness but is 20 m thick in

the Gale Hills area.

Two K-Ar age determinations on biotite

grains from the volcanic ash unit within the formation
yielded ages of 98.4 m.y. and 96.4 m.y.

(Fleck, 1970).

These ages suggest a latest Early or earliest Late
Cretaceous age according to the Decade of North American
Geology time scale (Geological Society of America, 1983).
Upper Willow Tank Formation
The upper Willow Tank Formation conformably overlies
the volcanic ash and is approximately 120 m thick.

It

consists of a mudrock dominated sequence that contains
sandstone beds.

The mudrock comprises interbedded

claystone, sandy mudstone, carbonaceous shale, and siltstone

with interstratified tuffaceous layers.

The interbedded

sandstone lenses are dominated by medium-scale,
trough cross-bedded sand with basal pebble deposits and
ripple cross-laminated sand in their upper part.

These

sandstone units represent meandering stream pointbar
sequences that were enclosed in mud-dominated vertical
accretion and ash-fall deposits, which accumulated on an
adjacent floodplain (Schmitt and Kohout, 1986).
BIOTA AND AGE OF THE WILLOW TANK FORMATION
Silicified plant material from upper Willow Tank
mudstone overlying the basal conglomerate of the Willow Tank
Formation was collected by E. Callaghan and W. W. Rubey, and
identified by R. W. Brown (1936) as Tempskva

s p

.

Subsequently, Read and Brown (1937) included the material
under the new species, named Tempskva minor.

Tempskva sp.

is an index fossil of the late Early Cretaceous (Ash and
Read, 1976).
Fossils collected from unspecified locations in the
upper Willow Tank Formation also indicate a late Early
Cretaceous (Albian) age for the formation (Ash and Read,
1976).

These fossils include Unio

s p

..

Cyprid ostracodes,

fish teeth and bones, fruits of Chara sp.. and related
plants (Longwell, 1949).
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METHODOLOGY
FIELD INVESTIGATION
Data in this study were collected from two field areas
in Clark County, Nevada:

Valley of Fire State Park and the

Gale Hills (Fig. 1; Appendix A).

Eleven stratigraphic

sections, 5.5 to 34.5 m thick, were measured using a Jacob
staff and described (Appendix C and D), and the geologic
relationship to overlying and underlying units was
evaluated.

Conglomerate fabric and stratification was used

to determine depositional processes.

Clast provenance was

analyzed from petrologic descriptions, paleoflow directions
and regional structural relationships.
Sedimentary structures were described and used to
determine depositional processes.

Cross-stratification was

poorly exposed, so paleoflow directions were determined by
measuring the direction of greatest dip on an average of 100
imbricated clasts from ten localities (Appendix E) .
Imbricated clasts were measured from both the lower and
upper conglomerates where feasible resulting in 173 from 5
lower conglomerate localities and 852 from 9 localities in
the upper unit.

The low number of measurements in the lower

conglomerate was the result of poor outcrop exposure.

The lithology of clasts was determined and grouped into
five categories.

These determinations were made at six

sampling locations in both lower and upper conglomerates.

A

cord grid having 2-inch spacing was draped across an outcrop
of conglomerate and used to select which pebble clasts to
identify.

The grid system was expanded or decreased in size

to allow for the varying clast (pebble versus cobble) sizes
«

such that any pebble or cobble under the intersection of the
horizontal and vertical cords were identified and counted.
The distance between intersections was larger than the
average clasts size in a sampling location.
LABORATORY ANALYSES
Petrography of sandstone interbeds and conglomerate
matrices (sensu Pettijohn, 1975) from the lower and upper
conglomerates was documented in the laboratory and
classified according to Folk (1974).

Sandstone framework

grains (sensu Graham and others, 1976) and cement were
tallied for 300 or more counts per slide.

A minimum of

three hundred grain or point counts were made on each thin
section for suitable counting statistics (Galehouse, 1971).
A grid system was used to count grains one millimeter a part
from thin section specimen edge to edge, left to right.
Framework composition of the sandstone interbeds were
compared between the lower and upper conglomerates.
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PROVENANCE OF WILLOW TANK CONGLOMERATES
INTRODUCTION
The lower and upper conglomerates of the Willow Tank
Formation are composed of clasts and sand-sized framework
grains that were derived from Precambrian through Mesozoic
sedimentary rocks similar to those in southern Nevada
outcrops.

Clasts of the lower conglomerate were derived

from the Gass Peak and Willow Tank thrusts, while clasts
from the upper conglomerate possibly were derived from the
Arrow Canyon, Dry Lake, and or Muddy Mountain thrusts.
Field and thin section data suggest that sandstone clasts
were derived from the Triassic Chinle Formation, Moenave and
Kayenta Formations, and Jurassic Aztec Sandstone.

Red chert

clasts were derived from the Triassic Shinarump conglomerate
member.

Limestone clasts potentially were derived from the

Paleozoic Bonanza King, Dunderberg, Buffington, Monocline
Valley, Sultan, Bird Spring, Toroweap and Kaibab formations.
However, these clasts generally do not have distinguishing
characteristics which could identify one formation from the
other.

Metaquartz-arenite clasts were derived from

Precambrian sandstones and the Ordovician Eureka Quartzite.
Chert conglomerate clasts were derived from the Triassic
Shinarump conglomerate member.

The lower and upper conglomerates have distinct clast
compositions as indicated by clast and thin section
point count data (Figs. 7 and 8, Tables 1 and 2).

The lower

conglomerate is composed primarily of sandstone clasts with
interbedded sandstones and a sand-sized matrix dominantly of
chert grains.

Limestone is the predominant clast type in

the upper conglomerate, and its matrix and interbedded
sandstones are calclithites (Folk, 1974). Figure 9 shows
framework grain proportions of quartz, feldspar and lithic
rock fragments (excluding limestone grains) from sandstone
interbeds of the lower and upper conglomerates and confirms
further that the source area was a recycled orogen
provenance (foreland uplift)

(Dickinson and Suczek, 1979).

Appendix B gives detailed clast count data from the lower
and upper conglomerates.
CONGLOMERATE CLAST DESCRIPTIONS
Sandstone
Sandstones comprise over 60% of the clasts in the lower
conglomerate, yet only about one-quarter in the upper
conglomerate.

The dominant sandstone type is a brick red,

medium-grained quartz arenite.

In thin section, the

sandstone exhibits well-rounded, well-sorted grains with
abundant quartz overgrowths and hematitic cement.

These

sandstone clasts are similar to the Aztec Sandstone that
crops out locally in the North Muddy and Muddy Mountains
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Table 1.

Lower Conglomerate Sandstone Point Count Data
Framework Grain Percentage
C

Qm

Lc

QP

Ls

Lv

Ld

Fo

Locality
Gl-2

75

21

Gl-2a

82

10

G3-1

41

23

2

34

F-4

56

34

6

2

F3-1

42

49

2

F3-la

44

54

1

S-2

29

41

2

S4-2

48

31

S4-1

49

F3-2

4

«

8

1
3

4

25

1

1

1

4

13

1

2

1

32

4

12

1

1

1

11

83

4

Total

477

378

25

86

16

8

4

4

Average
Percentage

48

38

3

9

1

1

0

0

C
Qm
Qp
Lc
Ls
Lv
Ld
Fo

Chert
Monocrystalline Quartz
Polycrystalline Quartz
Carbonate Rock Fragment
Sedimentary Rock Fragment
Volcanic Rock Fragment
Dolomite
Orthoclase

Localities are in Appendix A.
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Table 2.

Upper Conglomerate Sandstone Point Count Data
Framework Grain Percentage
C

Qm

QP

Lc

Gl-7

26

41

4

29

Gl-5

69

28

1

1

Gl-4a

90

4

Gl-3

7

40

3

50

G2-3

30

30

3

37

L-l

17

72

3

5

L-2

5

11

2

82

Gl-4

17

4

Total

261

230

16

289

2

Average
Percentage

33

29

2

36

0

L!

Locality

C
Qm
Qp
Lc
Ls
Lv
Ld
Fo

1

6

1

79

Chert
Monocrystalline Quartz
Polycrystalline Quartz
Carbonate Rock Fragment
Sedimentary Rock Fragment
Volcanic Rock Fragment
Dolomite
Orthoclase

Localities are in Appendix A.
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(Longwell and others, 1965).

A less common sandstone clast

type is a red, medium- to coarse-grained, moderately sorted,
sublitharenite consisting of well-rounded quartz and chert.
This sandstone is similar to that identified as Chinle
Formation (Stewart and others, 1972) in areas within the
study area.

Clasts composed of purplish-red gypsiferous

siltstone, showing fine-grained, poorly sorted quartz were
%

probably derived from the Moenkopi Formation whose lithology
was described by Reif and Slatt (1979) and are the least
abundant of the sandstone clast types.

The Moenave and

Kayenta formations (Wilson and Stewart, 1967), which also
crop out locally, are composed of red, gypsiferous,
nonresistant, sandstones and siltstones.

Clasts with

similar lithologies are present in the lower and upper
conglomerates.

They, however, are not abundant and show

only subtle color differences which may distinguish them
from Moenkopi clasts.
Limestone
Limestone clasts dominate in the upper conglomerate but
are only a minor constituent of the lower conglomerate.
Limestone clasts in the lower conglomerate are documented
only at two locations in the Gale Hills and at one location
in Valley of Fire.

These limestone clasts are dark gray,

light gray, and mottled gray; fine-grained; nonfossiliferous
or fossiliferous.

Black chert nodules of 1 to 2 cm in

diameter are common in cobble-sized limestone clasts.

In

thin section, these limestone clasts consist of micrite or
biomicrite containing sponge spicules and fragments of
bryozoan, brachiopod, crinoid, and coral.

Commonly,

dolomite rhombohedrons, calcite spar and silica replaced
micrite.

These clast types appear similar to many Paleozoic

limestone formations that crop out in southern Nevada (i.e.
North Muddy, Muddy, Dry Lake, Arrow Canyon, and Las Vegas
ranges) as documented by Longwell and others (1965).
Chert
The percentage of chert clasts is approximately equal
in the lower and upper conglomerates (Figs. 7 and 8).

Chert

clasts in

the lower conglomerate were in many cases, highly

fractured

and described on the basisof color: red, brown,

black, green,
common in

and tan.

All of these colors of chert are

the Shinarump Conglomerate Member (Stewart and

others, 1972), and thus they were probably recycled from
that formation.

Within the upper conglomerate, red, brown,

green, black and tan chert are present.

The black chert,

however, typically is more abundant in the upper
conglomerate than in the lower conglomerate.

Some of the

black chert in the upper conglomerate show relict crinoids,
bryozoan and bivalves fragments and such fossiliferous chert
is common in many middle and upper Paleozoic formations
(Longwell and others, 1965).
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Metaquartz-arenite
Metaquartz-arenite clasts, which are commonly
fractured, comprise a relatively small percentage of the
total clast count in either conglomerates.

Milky white,

fine- to medium-grained, compositionally mature arenite
exhibits well-sorted, monocrystalline grains that commonly
display several cycles of quartz overgrowths.

Similar rock

types have been observed locally in the Ordovician Eureka
Quartzite (Desert, Sheep, Las Vegas and Arrow Canyon Ranges)
by Ketner (1968) and Longwell and others,

(1965).

Other

less abundant quartz-arenites are tan, gray, and white;
fine- to coarse-grained;

well to moderately sorted; and are

composed of monocrystalline quartz grains with abundant
quartz overgrowths.

Longwell and others (1965) and

Burchfiel and others (1974) documented similar metaquartzarenites in the vicinity west of the study area (Stirling
Formation in the Desert and Las Vegas Ranges).
Chert Conglomerate
Conglomerate clasts composed of well-rounded pebbles of
chert, jasper, quartz, metaquartz-arenite and limestone were
the least numerous clast type in both the lower and upper
Willow Tank conglomerates.

Similar conglomerate is common

in the lower member of the Chinle Formation (Stewart and
others, 1972) where it crops out near the study area in the
North Muddy and Muddy Mountains.
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SANDSTONE AND MATRIX DESCRIPTIONS
Sandstone interbeds and conglomerate matrices in the
lower and upper conglomerate show a strong compositional
similarity to the most predominant clast types in the
respective conglomerates and to the most abundant sandstone
framework grains.

The average framework composition of the

sandstone and matrix within the lower Willow Tank
conglomerate is 48% chert, 41% quartz (monocrystalline and
polycrystalline), and 11% lithic rock fragments (Fig. 10a;
Tables 1 and 2).

Within the sandstones and matrix of the

upper conglomerate, framework grains-are comprised of 36%
lithic rock fragments, 33% chert, and 31% quartz (Fig. 10b).
The sandstone typically is composed of 75% framework
grains, 5% matrix, 20% cement, and lacks visible pore space.
The framework grains vary in shape from well-rounded to
angular, are poorly sorted, and range in diameter from 0.06
to 1.16 mm.

The matrix (sensu Pettijohn, 1975) of the

sandstones typically consists of very fine-grained quartz
and silt-sized aggregates of clay minerals.
(sensu Pettijohn, 1975) is abundant.

Calcite cement

However, lesser

amounts of silica and clay cement also are present.

The

presence of displacive carbonate cement may be attributed to
the abundance of limestone clasts within the upper Willow
Tank conglomerate or to local groundwaters saturated with
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Figure 10a.

Photomicrograph of a chert-arenite from an
interbed in lower conglomerate.

Qm is

monocrystalline quartz, C is chert lithic
fragment.

Crossed nichols.

Bar scale is one

millimeter.

Figure 10b.

Photomicrograph of a calclithite from an
interbed in upper conglomerate.

Qm is

monocrystalline quartz, C is chert lithic
fragment, Ls is sedimentary lithic fragment.
Crossed nichols.

Bar scale is one millimeter.
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calcium from the thick stratigraphic section of local
Paleozoic carbonates in the area.
Quartzose Grains
Quartzose grains, primarily monocrystalline quartz,
comprise 10 to 80% of the sandstone framework grains from
the lower conglomerate and 4 to 70% of the framework grains
in the upper conglomerate.

Monocrystalline quartz commonly

exhibits undulose extinction and less commonly vacuoles and
microlites.

Commonly, the monocrystalline quartz grains

have optically continuous overgrowths.

Rare polycrystalline

quartz contain two or more crystals per grain.

Boundaries

between crystals in these polycrystalline quartz grains are
commonly sharp and sutured.
Chert
Chert is the most abundant grain type in the sandstones
of the lower conglomerate and constitutes up to 80% of the
framework grain population.

In sandstones of the upper

conglomerate, chert framework grains average 33%, somewhat
less than the 48% in the lower sandstones.

Chert grains

are typically angular in comparison to the well-rounded
quartz grains, although rare rounded chert grains do occur
in samples with angular grains.

Authigenic dolomite

rhombohedra and calcite invaded many chert grains.

In some

of the sandstone samples from the lower conglomerate,
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staining of chert grains by hematite is common.
Lithic Rock Fragments
Limestone, siltstone and volcanic rock fragments
comprise up to 80% of the framework grains in sandstones
from the upper conglomerate and only one-quarter of those
from the lower conglomerate.

Of these lithic grains,

carbonate fragments are most abundant with other sedimentary
and volcanic rock fragments contributing a very small
percentage.
Carbonate grains consist of rounded to subangular
micrite with rare ghosts of bioclasts such as coral and
bivalve fragments.

Siltstone grains are rounded and are

composed of monocrystalline quartz grains.

Volcanic rock

fragments also are rounded, but they are highly altered,
silicified, and exhibit rare, relict, feldspar (?)
phenocryst laths.
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BRAIDED-STREAM LITHOFACIES AND DEPOSITIONAL ENVIRONMENT
INTRODUCTION
Conglomerate and sandstone lithofacies in the Willow
Tank conglomerates represent deposition by aggrading and
migrating longitudinal bars, dunes, ripples and horizontal
plane beds in a braided stream system (Fig. 11).

The

comparison of these lithofacies and their vertical and
lateral distribution with fluvial depositional models
(Miall, 1977, 1978; and Rust, 1978) suggests that the
conglomerates of the Willow Tank Formation were part of a
large braid-plain complex similar to the Donjek model
(Miall, 1978).

This model is most applicable because

although conglomerate lithofacies are predominant in the
lower Willow Tank Formation (an average of 30 m thick) as in
the Donjek model; fine-grained facies dominate in the upper
portion of the formation (approximately 120 m thick).

No

fine-grained facies (silt or clay) are present in the basal
conglomerate sequence of this study.
The interpretations of depositional processes and
environment are based on detailed study of eleven
stratigraphic sections of the Willow Tank conglomerates.
They have been distilled into one representative section
illustrated in (Fig. 12).

At each location, sedimentary

LITHOFACIES

NAME

INTERPRETATION

Gm

Massive or horizontally
bedded conglomerate

Longitudinal bars
Gravel sheets

Gt

Trough cross-stratified
conglomerate

Dunes, channel fills

St

Trough cross-stratified
sandstone

Sinuous crested bars
and dunes

Sh

Horizontally stratified
sandstone

Bar tops, sheet sands

Sr

Ripple-laminated
sandstone

Waning flood deposits

Figure 11. Summary of lithofacies in the conglomerates
of the Willow Tank Formation (after Miall, 1978).
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structures were described and ten maximum clast diameters
were measured (Appendix C) .
CONGLOMERATE FACIES ASSOCIATIONS AND DESCRIPTIONS
Conglomerate lithofacies in the lower and upper
conglomerate consist of massive to crudely horizontally
bedded and trough cross-stratified gravels in medium- to
«

coarse-sand-size matrix.

The gravels are clast-supported

and poorly to moderately sorted.

The average clast size is

generally in the pebble size grade (4 to 64 mm), but the
average maximum clast size ranges from 12 to 34 cm.
The largest clast, which was found at locality TM1 (Appendix
A) , is 67 cm in diameter and is composed of Aztec
Sandstone.

Although the average maximum clast size varies,

no lateral trend in maximum clast size was detected
throughout the study area.

Vertically, clast size decreased

slightly up section.
Massive to Horizontally Bedded Conglomerate (Gm)
The massive to horizontally bedded (Gm) lithofacies is
matrix poor (Fig. 13a) and is a dominant lithofacies in
the conglomerates of the Willow Tank Formation.

It

typically forms the base of the lower conglomerate filling
the erosional surface of the Aztec Sandstone and also forms
the base of the upper conglomerate.

In the Gale Hills, a

3-m-across block of Aztec Sandstone lies within the lower
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Figure 13a.

Massive or horizontally bedded conglomerate
lithofacies (Gm) above the broken line in
the upper conglomerate.
Appendix A.

Figure 13b.

Location FM5,

Notebook is 18.5 cm in length.

Trough cross-stratified conglomerate
lithofacies (Gt) above the broken line in the
upper conglomerate.

Location TM1, Appendix A.

Field pack is 60 cm in length.

Willow Tank conglomerate.

This block is not considered to

be a fluvially transported clast because it is so out-of
size.

It seemingly fell from a nearby channel margin or

cliff into a 6-m-deep channel cut into Aztec Sandstone.
Massive gravels of the lower conglomerate surround the
block.

The Gm lithofacies is composed of beds that are

commonly 0.5 to 1.5 m thick and are internally massive or
t

horizontally stratified.

Beds are laterally continuous

within the Aztec Sandstone channels and form the lowermost
lithofacies at a given locality.

Rarely clast size

decreases laterally at the bed margins.

Clasts in the Gm

lithofacies are subangular to well rounded, and those with
platy shape typically exhibit imbrication.
At locality LI (Appendix A ) , some of the Gm facies are
very poorly sorted, show no clast imbrication, and contain
more matrix than at other locations, although they are still
clast-supported.
In between vertically stacked, massive or horizontally
stratified conglomerate (Gm) units, lenses of trough cross
stratified conglomerate (Gt) and trough crossbedded
sandstones (St) are common.

Sequences of Gm, Gt, St, facies

within the lower and upper conglomerate are typically
several meters thick.

Horizontally laminated sandstones

(Sh) rarely overlie the Gm lithofacies.
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Trough Cross-Stratified Conglomerate (Gt)
This facies consists of cross-stratified beds of pebble
and rare cobble-sized clasts in a medium-grained sandstone
matrix (Fig. 13b).

The clasts are typically

to well rounded and rarely platy.

subangular

Geometrically, the trough

cross-stratified conglomerates (Gt) form broad, shallow,
concave-up surfaces, typically 0.5 to 1 m deep and 3 m wide.
Trough cross-stratified conglomerates (Gt) truncate one
another laterally, and vertically, but cosets are laterally
extensive.

The distinct basal surface of each trough is

overlain by a coarse deposit that fines upward.

Flat

pebbles or cobbles are commonly aligned along foresets.

The

trough cross-stratified units are characterized by mediumscale, trough crossbeds with single sets up to 0.5 m.
Trough cross-bedded sandstone (St) and massively bedded
conglomerate (Gm) lithofacies commonly overlie trough cross
stratified conglomerate (Gt).
SANDSTONE FACIES ASSOCIATIONS AND DESCRIPTIONS
The sandstone lithofacies in the lower and upper
conglomerates consist of trough cross-stratified, ripple
cross-laminated and horizontally laminated sandstones.

The

sandstone units are typically less than 0.5 m thick and are
laterally continuous.

They comprise only 17 percent

(average) of the basal Willow Tank in the study area, and
they are intimately associated with the conglomerate
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lithofacies.

Sandstone lithofacies, however, appear to be

absent at some locations, but this perception may be due to
poor outcrop exposure.
Trough Cross-Stratified Sandstone (St)
Trough cross-stratified sandstone (St) is the most
abundant sandstone lithofacies in the Willow Tank
conglomerate and is composed of medium- to coarse-grained
sandstone in solitary and grouped sets of low- to mediumangle trough cross strata (Fig. 14a).

The trough cross

strata truncate one another laterally and vertically.

The

bed thickness is 0.1 m or less with composite beds up to
nearly 2 m.

Within composite beds, the base of the sequence

commonly consists of an erosional surface.

Within the

sandstone beds, rare granules and pebbles are concentrated
near their bases.

Trough cross-stratified sandstone (St)

commonly grades into horizontally laminated sandstone or
ripple laminated sandstone.

Sets of trough cross-stratified

sandstone (St) are commonly laterally extensive where they
form the uppermost unit in the lower and upper
conglomerate.
Horizontally Stratified Sandstone (Sh)
The horizontally-stratified sandstone facies is
composed of medium- to coarse-grained, poorly to moderately
sorted sandstone that forms beds less than 0.1 m thick
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Figure 14a.

Trough cross-stratified sandstone lithofacies
(St) in the upper conglomerate.
Appendix A.

Figure 14b.

Location TM3,

Rock pick is 40 cm in length.

Horizontally stratified sandstone lithofacies
(Sh) in the upper conglomerate.
Appendix A.

Location GH3,

Pencil is 13 cm in length.

(Fig. 14b).

Internally, the beds are thinly laminated to

massive with no pebbles present.

Facies Sh commonly

overlies imbricated clasts of massively bedded conglomerate
or trough cross-stratified conglomerate and is typically not
laterally continuous.

The Sh facies is less common than

the massively bedded conglomerate, trough cross-stratified
conglomerate, or trough cross-stratified sandstone.
Ripple Cross-Laminated Sandstone (Sr)
This facies consists of medium-grained, moderately to
well-sorted, ripple cross-laminated sandstone.

It is rare

and was never observed within the stratigraphic sections in
Valley of Fire.

Ripple cross-laminated sandstone (Sr) units

are commonly 1 to 3 cm thick and laterally discontinuous
extending for less than 1.5 m.

The ripple cross-laminated

sandstone (Sr) units commonly overlie trough cross-strat
ified sandstone lithofacies.
PROCESSES AND DEPOSITIONAL ENVIRONMENT
The organization of lithofacies and their sedimentary
structures in the lower and upper Willow Tank conglomerate
represent depositional processes common to braid plain sys
tems.

They indicate longitudinal gravel bar accretion and

migration; rare high-density, turbulent flow deposition;
dune migration; and channel filling.
Within a braid stream system, most sedimentation is the

result of deposition of the sediment load while the velocity
and water depth of flood waters decrease.

Generally,

massive or horizontally bedded gravels (Gm) are indicative
of high-energy deposition of sediment as longitudinal bars
(Miall, 1976, 1977; Rust, 1978).

Gravel bars are initiated

during the falling stage of high-energy flood flow by
deposition of the coarsest fraction of the bedload in
midchannel (Leopold and Wolman, 1957).

During high-energy

flow, longitudinal bars will migrate upstream, downstream or
accrete vertically depending on flow conditions (Rust,
1978). Additional growth of gravel bars takes place as
stream waters lose competence (vertical accretion)
and Steel, 1984).
massive and

(Nemec

The resulting deposit is characterized by

horizontally stratified bars, because the low

ratio of water depth to mean particle size suppresses the
development of planar slip faces (Rust, 1978).

Clast

imbrication within massive or horizontally bedded gravels is
common and is formed by high-velocity currents (Picard and
High, 1973).

The upstream dipping orientation of platy or

ellipsoidal clasts is most stable so that currents are
deflected off the flat tops of the clasts and are unable to
flip the clasts over (Picard and High, 1973).

The sandstone

matrix of the longitudinal bar suggests infiltration of
finer grains after a substantial decrease in flow strength
(Miall, 1977).

Trough cross-stratified gravels (Gt) result

from gravel dunes migrating over bar tops during the high
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flow stages and inter-bar channels during falling flow
(Rust, 1978; Miall, 1978).

Deposits from advancing dunes

fill erosional depressions that precede the dune front.
This process creates deposits that have concave up or
tangential-shaped foresets conforming to the shape of the
scours (Harms and Fahnestock, 1965).

With continued

aggradation of channels or the migration of longitudinal
bars over channels, a sequence of Gm, Gt, Gm

develops.

As flood flow further decreases in velocity, gravels
become stable, and sand is transported as bed load.

The

lateral down-stream migration of sinuous crested sand bars
and dunes results in trough cross-stratified sand (St)
(Walker and Cant, 1979; Cant, 1978).

These sands typically

accumulate on the perimeter and downstream faces of
longitudinal bars and over cross-stratified gravels as a
result of a rapid decrease in water depth and sediment
discharge across and around the bars and channels (Rust,
1978; Smith, 1974).
Horizontally laminated sands (Sh) can develop in shallow
water with low to moderate flow velocity or during flood
stage under high flow conditions (Harms and others, 1982).
Horizontal laminations overlying imbricated clasts of the
high-energy, massively bedded conglomerate (Gm) facies, such
as those in the conglomerates of the Willow Tank Formation,
suggest deposition in an upper rather than lower flow regime.
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Ripple cross-laminated sandstones (Sr) develop where
water depth and current velocities are low but sufficient
for traction transport of sand grains (Harms and others,
1982).

Thus as flood flow nears its minimum velocity and

depth, rippled sands are deposited over trough cross
stratified sandstones or horizontally stratified sandstones.
Thus, recurring episodic flood flow and its waning in a
braided stream system could produce the vertical and lateral
distribution of conglomerate and sandstone lithofacies
observed in the Willow Tank conglomerates.

The thickness of

the bar sequence and the troughs suggests a minimum flood
flow depth on the order of a few meters.
Longitudinal bars (Gm), abundant in the Willow Tank
conglomerate, are the primary bedforms in proximal braided
streams that are produced when coarse bedload materials are
in motion.

Trough cross-stratified gravels (Gt), also

abundant in the Willow Tank, represent migrating gravel
dunes that filled active channels.

The vertical sequence of

lithofacies Gm, Gt, and St, which is common in the lower and
upper conglomerates of the Willow Tank Formation, result
from trough cross-bedded sands and ripple cross-lamination
developing along bar margins and in channels as stream
velocity decreases.

Further reduction in flow regime

produces the Gt, St, Sr lithofacies sequence which also is
common in the Willow Tank.
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CLIMATE
Deposition of the Willow Tank conglomerates probably
occurred in an arid or semi-arid climate.

The Willow Tank

conglomerate was deposited on an angular unconformity along
which there is no evidence of plant growth or paleosol
development that would suggest a more humid climate.
Secondly, limestone clasts within the the Gm and Gt facies
range from pebbles to cobbles in size and are well
preserved.

According to Nielson (1982), Boothroyd (1984),

Kochel and Johnson (1984) and Ryder (1971) arid fans and
humid-glacial or humid-tropical fans have significant dif
ferences in morphology, clast types (weathered versus well
preserved), depositional processes and lithologies.

The

evidence of well preserved carbonate clasts within the
braided stream lithofacies and the carbonate-rich paleosol
suggest a dry climate.
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PALEOFLOW ANALYSIS
Paleoflow directions determined from imbricated pebble
and cobble measurements in the lower conglomerate indicate
an easterly transport direction in Valley of Fire and a
southeasterly transport direction in the Gale Hills (Fig.
15; Appendix E ) .

In the upper conglomerate, paleoflow

directions determined from imbricated clasts indicate a
northeasterly to southeasterly transport direction in Valley
of Fire and southeasterly to southwesterly transport
direction in the Gale Hills (Fig. 16, Appendix E).

These

paleoflow transport directions, in addition to clast
composition, further support the conclusion that the Willow
Tank conglomerates were derived from westerly source areas
in the Sevier thrust belt.

If a Precambrian-cored arch was

uplifted south of the study area as suggested by Bohannon
(1983b), it must have occurred subsequent to deposition of
the Willow Tank conglomerates, or conversely, and less
likely, there was no drainage from it to the outcrop area of
the Willow Tank.
The majority of paleoflow data was measured from
imbricated conglomerate pebbles and cobbles.

Few

measurements were taken from sparse sandstone trough
cross-bed axes.

Although trough cross-stratified
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Figure 15.

Paleoflow directions indicated by the grand
vector means of poles to imbricated clasts in
the lower Willow Tank conglomerate.
in Appendix A.

Localities

Rose diagrams of the poles to

imbricated clasts are in Appendix E.
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Figure 16.

Paleoflow directions indicated by the grand
vector means of poles to imbricated clasts in
the upper Willow Tank conglomerate.
in Appendix A.

Localities

Rose diagrams of the poles to

imbricated clasts are in Appendix E.
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sandstones were abundant in outcrop, few were exposed in
three-dimensions.

DeCelles and Langford (1983) reported

that measuring trough axes in two dimensional outcrops can
aid in the estimation of paleocurrent direction.

This

estimation of the paleocurrent direction would be within 2 5
degrees of the probable direction.

It was the opinion of

the author that this potential error was significant,
therefore the trend was measured only of those trough cross
stratified sets preserved in three dimensions.
The study area contains faulted and folded structure
that post-dates Sevier thrusting.

It was necessary,

therefore, to correct the attitude of the imbricated clasts
and trough axes for tilting related to Basin and Range
normal faulting before paleoflow analysis was performed.
Rotation of the azimuth of a linear structure, such as
imbrication, is required if the structural dip is greater
than 25 degrees (Potter and Pettijohn, 1977).

Correction

for plunge is not needed if the beds dip less than 45
degrees (Potter and Pettijohn, 1977).

Present structural

dip in the field areas was typically near 30 degrees.

To

eliminate tilt by post-Sevier structure, rotation of
imbricated clasts was done using stereonet methods described
by Dennison (1968).

It is recognized that, at least in the

Gale Hills, the outcrops may have been rotated about a
vertical axis as a result of strike-slip displacement along
faults south and west of the study area.

Because the amount
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of such rotation is unknown no correction was made for it.
Table 3 shows the results of the paleoflow analysis of
imbricated clast measurements from 10 locations in the study
area.

The vector mean, vector magnitude, and chi-square

values for clast imbrication data were calculated according
to the methods given by Harrison (1957) and Curry (1956).
The methods of analyzing the clast imbrication data included
a measure of central tendency or preferred orientation, a
measure of dispersion, and a test of the statistical
significance of the results against a model of randomness.
Each imbrication azimuth is considered to be a vector with
direction and magnitude of unity (1).

The direction and

magnitude of all vectors are summed to give the components
of the resultant vector.

The vector direction is

interpreted as a measure of the central tendency of the
distribution (imbrication azimuth) and in this respect is
comparable to the mean.
to 1.0 (0% to 100%).

The vector magnitude varies from 0

A vector magnitude of 1.0 means that

all azimuth vectors lie within the same azimuth group.

The

vector magnitude is a sensitive measure of dispersion and is
comparable to standard deviation or variance (Curray, 1956).
The chi-square test (Curray, 1956) is used to test the
significance of the differences between a distribution
(imbrication azimuths) and a model of randomness.

A chi-

square value of 4.61 or greater means that there is a
greater than 90 percent probability the the distribution is
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Table 3.

Location
(N)

Statistically Significant Paleoflow Data
For Imbricated Clasts

Mean Pole to Clast
Orientation of
Imbricated Clasts
(degree)

Chi-Square
Value

Vector
Magnitude
of
Imbricated
Clast
Azimuths

Upper Conglomerate
Liu

(100)

NE

43.9

0.47

SD2U (104)

146 SE

12.4

0.25

SD3U (52)

97

SE

10.0

0.31

FM5u (81)

118 SE

70.1

0. 60

TMlu (80)

142 SE

81.0

0.72

TM2u (104)

108 SE

102.1

0.71

GHlU (209)

212 SW

46.8

0.34

GH2U (34)

96

SE

8.5

0.36

SD31 (29)

97

SE

18.1

0.56

FM11 (27)

122 SE

15.5

0.54

FM51 (16)

90

20.9

0.82

GH21 (35)

127 SE

17.7

0.51

81

Lower Concrlomerate

E

Sampling locations are in Appendix A
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non-random.

Chi-square values of 11.60 or greater indicate

that there is a greater than 95 percent probability that the
distribution is non-random.
Mean paleoflow directions (Table 3) within the lower
conglomerate ranged from 90 degrees to 127 degrees (east to
southeast). These values are the azimuth of poles to
imbricated clasts and were calculated by adding or
subtracting 180 degrees to the vector mean values of the dip
direction of the a-b plane of imbricated clasts.

Thus,

these values represent the paleoflow direction of imbricated
clast azimuths.

All chi-square values (except for 3.0 at

location TM1) for the lower conglomerate imbrication data
indicate that there is a 95 percent probability that those
vector means and therefore, paleoflow directions are nonrandom.

The rose diagram for location TM11 (Appendix E)

shows that the poles of the imbricated clasts are randomly
oriented and this is also shown by the low chi-square value.
Mean paleoflow directions for the upper conglomerate
ranged from 81 degrees to 212 degrees (northeast to
southwest).

Chi-square values indicated that all (except

for 0.4 at location GH3u) imbrication data were within the
90 to 95 percent probability range of being non-random.

The

rose diagram (Appendix E) for GH31 shows a wide range of
dispersion, and this distribution is also shown by the very
low chi-square value.

The southwest mean paleoflow
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direction indicated in GH31 may not indicate the true flow
direction because of subsequent rotation of strata about a
vertical axis that may have occurred during Basin and Range
extension and associated strike-slip movement along the left
lateral Lake Mead fault system.
Bohannon (1983b) suggested that a broad, northtrending, north-plunging arch cored by Precambrian
crystalline rocks was developed in the Lake Mead region
between the Spring Mountains and the Colorado Plateau as a
Sevier, Laramide or later feature.

Bohannon (1983b)

contended that the area affected Tertiary deposition in the
Muddy Mountains, that Precambrian rocks were exposed in
the core of the arch prior to 20 m.y., and that Paleozoic
and Mesozoic rocks in the McCullough Range (Fig. 1) had a
northwest dip prior to 17 m.y.

Evidence is lacking for

uplift of the Precambrian arch during deposition of the
Willow Tank conglomerates:

paleoflow directions from the

south do not exist and Precambrian granitic clasts are not
present the Willow Tank conglomerates.

It therefore seems

unlikely that the Precambrian-cored arch was a Sevier
orogenic structure.
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FORELAND BASIN DEPOSITION
INTRODUCTION
The Cretaceous conglomerates of the Willow Tank
Formation represent a synthetic dispersal of blended and
complex clast compositions by southeasterly flowing braided
streams across an irregular topographic surface of Aztec
Sandstone (Fig. 17).

Sevier thrusting created highlands

from which the debris was shed to produce the conglomerates
and subsequent deposits in the foreland basin.

Thrust

sheets that most likely supplied the abundant sandstone,
multi-colored chert, and metaquartz-arenite clasts to the
lower conglomerate included the Gass Peak thrust, which
carried Cambrian and Precambrian quartz-arenites in addition
to other strata and Willow Tank thrust which carried
Mesozoic sandstone strata (Fig. 18).

The lack of Paleozoic

limestone clasts in the lower conglomerate suggests that
they did not survive the transport distance from the Gass
Peak thrust to the depositional basin.

The Arrow Canyon,

Dry Lake, and Muddy Mountain thrusts all carry thick
sequences of Paleozoic limestone strata.

Anyone or

combination of these thrusts could have supplies the
abundant limestone and black chert detritus to the upper
conglomerate.

As a result of continued compression during

o-cA.
>O o

N*
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Figure 18.

Diagrammatic cross sections of thrust faults
associated within deposition and deformation of
the Willow Tank conglomerates.

GP, AC, DL, MM,

and WT correspond to the Gass Peak, Arrow
Canyon, Dry Lake, Muddy Mountain and Willow Tank
thrusts, respectively.

Pe, P, T, and J

correspond to Precambrian, Paleozoic, Triassic,
and Jurassic formations, respectively.
figure is not to scale.
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the Sevier orogeny, the Willow Tank thrust, moving eastward,
overrode the Willow Tank Formation within Valley of Fire
State Park and thrusting ended before the formation was
cannibalized by the system that produced it.
SYNTHETIC DISPERSAL
Transport of the sediment of the lower and upper
conglomerates into the foreland basin was synthetic
(sensu Steidtmann and Schmitt, 1988) to thrusting as
documented by paleocurrent indicators that showed transport
direction from the west-northwest toward the east-southeast.
Similar synthetic transport in the Cordilleran thrust belt
has been documented in the lower Eocene Conglomerate Member
of the Wasatch Formation in southwestern Wyoming (Oriel,
1962), the Lookout Mountain Conglomerate in Wyoming (Dorr
and Steidtmann, 1977) and the Sphinx Conglomerate in
southwestern Montana (DeCelles and others, 1987).
BLENDED CLAST COMPOSITION
Lower Conglomerate
The lower conglomerate shows a blended clast
composition (sensu Steidtmann and Schmitt, 1988) rather than
an inverted clast composition (sensu Royse and others, 1975;
Schmitt and others, 1986).

Clast lithologies are dominantly

sandstones and cherts with lesser amounts of metaquartzarenites and conglomerate.

The clast lithologies suggest

that large portions of a Precambrian through Jurassic
stratigraphic sections were exposed in the hanging walls of
hinterland thrust plates.

Erosion and dispersal of the

detritus resulted in a blending of the most competent clasts
of metaquartz-arenite from a distant source (Gass Peak
thrust), with sandstones, red and brown cherts and
conglomerate clasts from a nearby source (Willow Tank
thrust).

The nearest present day outcrop of Precambrian

rocks (Stirling Quartzite) lies within the Las Vegas Range
(Fig. 1), approximately 48 km (30 mi) northwest of the study
area.

Less resistant Triassic and Jurassic detritus were

probably derived from the nearby allochthon of the Willow
Tank thrust.

The Jurassic Aztec Sandstone is not present in

outcrop, nor is it known to have been deposited farther west
than the Valley of Fire or Spring Mountain regions (Marzolf,
1983; Stewart, 1980).

The paucity of Paleozoic limestone

clasts suggests that they did not survive the transport from
the distant Gass Peak thrust to the distal depositional
basin (study area).
The blended clast composition also may have resulted
from detritus derived from several source areas being mixed
downstream in a fluvial system.

The distance of transport

required to round quartz pebbles begins within a few
kilometers, however within 300 km (186 mi) pebbles can
become very well rounded (Pettijohn, 1975).

A distant

source, the Gass Peak thrust (Fig. 3) may have supplied

61

Precambrian and Ordovician metaquartz-arenites by trunk
streams to be mixed locally with surficial erosional
Triassic and Jurassic detritus near the study area.
Upper Conglomerate
The upper conglomerate is composed of a different suite
of blended clasts than the lower conglomerate and documents
a change in source areas.

This change in clast lithologies

to predominantly Paleozoic limestones and black cherts may
have been the result of additional detritus from subsequent
uplift of the Arrow Canyon, Dry Lake, or Muddy Mountain
thrusts or all of these.

These thrusts carry very similar

Paleozoic limestone strata (Table 4; Longwell and others,
1965) in their allochthons, and therefore the relative
timing of these thrusts cannot be determined solely from the
limestone clast lithologies in the upper conglomerate.

It

is unknown if one or all of these thrusts may have
contributed detritus to the upper conglomerate.

It is the

proximal detritus from these thrusts which later may have
been reworked, and these clasts blended with distal
sandstone and metaquartz-arenite clasts.

The clasts were

deposited by braided streams toward the more distal portion
of the basin (study area) on top of the lower conglomerate.
Paola (1988) suggested that widespread alluvial gravels may
record periods of reduced subsidence rate where the gravel
is carried out across the basin rather than accumulating
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Table 4. List of Paleozoic formations that outcrop in the
Arrow Canyon, Dry Lake Ranges and Muddy Mountains (Longwell
and others, 1965).

Period

AC

Permian

DL

MM

Kaibab
Limestone

Kaibab
Limestone

Toroweap
Formation

Toroweap
Formation

Red Beds

Red Beds

Pennsylvanian

Bird Spring Formation---------

Mississippian

---------- Monte Cristo Limestone--------

Devonian

Sultan Limestone--------------

Silurian

Lone Mountain
Dolomite

Ordovician

Ely Springs
Dolomite

Ely Springs
Dolomite

Monocline
Valley Fm.

Eureka
Quartzite
Pogonip
Group

Cambrian

AC DL MM -

Arrow Canyon Range
Dry Lake Range
Muddy Mountains

Pogonip
Group

Buffington
Dunderberg
Bonanza King
Formations

near its proximal upstream source.

Likewise as was

suggested in the case of the lower conglomerate, the upper
conglomerate may have been transported to the depositional
basin by a different fluvial system.

The predominance of

well-rounded limestone clasts in the upper conglomerate
suggests that the limestone source area was closer to the
study area than the source (Gass Peak thrust) of the more
competent, well-rounded metaquartz-arenite clasts in the
lower conglomerate.

Pettijohn (1975) reported that

limestone pebbles can become very well rounded by stream
transport of approximately 11 km (7 mi). Precambrian
metaquartz-arenites are not present in the allochthons of
the Arrow Canyon, Dry Lake or Muddy Mountain thrusts.

The

allochthon of the Muddy Mountain thrust is the most likely
nearby source of Paleozoic detritus, although the
allochthons of the Arrow Canyon and Dry Lake thrusts may
have supplied carbonates to the depositional basin as well.
POST WILLOW TANK CONGLOMERATE DEPOSITION
Subsequent to deposition, the Willow Tank conglomerates
were overlain by a layer of volcanic ash and a thick
sequence of fine-grained fluvial sediments of the upper
Willow Tank Formation.

Continued eastward movement of the

Willow Tank thrust provided detritus for the overlying
Cretaceous Baseline Formation (Bohannon, 1983b).

Nearby

Mesozoic rocks in the North Muddy Mountains provided quartz-

arenite and conglomerate for the lower and upper Baseline
Sandstone (Bohannon, 1983b).

The upper part of the Baseline

has been dated as Cenomanian (Ash and Read, 1976).

In the

northern part of Valley of Fire, the Willow Tank thrust
fault overlies the lower Baseline Sandstone (Bohannon,
1983b).

The Muddy Mountain thrust overrode part of the

Overton Conglomerate Member of the upper Baseline Sandstone
north of Valley of Fire and documents that, at least locally,
activity of the Sevier thrust belt continued long after
deposition of the Willow Tank conglomerates.
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CONCLUSIONS
The conglomerates of the Willow Tank Formation are the
earliest deposits in southern Nevada that are genetically
related to Sevier thrusting.

The basal Willow Tank

conglomerates are composed of two compositionally distinct
units rather than one as reported by Bohannon (1983b, 1984)
and Longwell (1949).

These conglomerates record the erosion

of thrust faults west of the study area.

Highland sources

for the metaquartz-arenite, sandstone and conglomerate
detritus in the lower conglomerate include the Gass Peak
and Willow Tank thrusts.

Subsequent uplift and erosion of

the Arrow Canyon, Dry Lake or Muddy Mountain thrusts are
recorded by abundant carbonate clasts in the upper
conglomerate.
be determined.

The relative timing of these thrusts can not
The thin, widespread nature of the Willow

Tank conglomerates suggests a reduced subsidence rate in
the local depositional basin.

The thick sequence of fine

grained, fluvial sediments of the upper Willow Tank
Formation may indicate a subsequent increase in the local
basin subsidence rate and renewed tectonic activity.
Continued compression by the Willow Tank and Muddy Mountain
thrusts occurred after deposition of the upper conglomerate.
The uplift and erosion of a Precambrian-cored arch south of
the study area must have occurred after deposition of
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the Willow Tank conglomerates because paleoflow was to the
east and southeast, and because no granitic clasts are
present in the formation.
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Section LI

This section was measured in SW 1/4, NW 1/4, Sec. 5, T16S, R67E.
(Weiser Ridge Quadrangle, U.S.G.S. 7.5 minute series).
shows the location of section LI.

Appendix A

The traverse begins at the contact

of the Jurassic Aztec Sandstone and Cretaceous Willow Tank Formation
and continues east across NW 1/4 Sec. 5 to a covered portion of the
upper Willow Tank Formation containing sandstone and claystone.

The unit trends 31N336.

The tan conglomeratic units are ledge formers

and the outcrop is covered with talus.

Contact with the underlying

Aztec Sandstone is sharp and unconformable while the contact with the
overlying Willow Tank volcanic ash is covered.

Thickness
Description

Covered.

Conglomerate, tan, massive to crudely
horizontally bedded, clast supported,
poorly sorted, compositionally immature,
subangular to angular clasts ranging
from 1.5 to 41 cm.

in meters

3.0

Unit
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Thickness
Description

in diameter.
is 9 cm.

in meters

Unit

0.50

1

The average clast diameter

Clasts are composed of:

Aztec

Sandstone, yellow to tan, subrounded to
subangular; Moenkopi Formation, purplishred, silty-sandstone, subrounded;
Paleozoic limestone, light gray, micritic,
fossiliferous, subangular; light gray to
tan limestone, flat, rectangular, micritic;
chert, rounded, average diameter is 1.5 cm;
white Eureka quartzite, rounded, average
diameter is 1.5 cm.

Matrix is composed of

subangular, poorly sorted, medium to coarse
grained, quartz, red chert and minor amounts
of black chert.

Sandstone, red, horizontally

laminated grading upward to crossbedded,
poorly sorted, medium grained, subangular to
subrounded, quartz and chert.

Sandstone, red, horizontally laminated
grading upward to crossbedded, poorly sorted,
medium grained, subangular to subrounded,
quartz and chert.

0.50

94
Thickness
Description

in meters

Unit

0.50

3

Conglomerate, tan, massive clast supported,
poorly sorted, compositionally immature,
subangular to subrounded clasts raning in
size from 1.5 to 7 cm in diameter.

Clasts

consist of Aztec Sandstone, Paleozoic
limestone, Eureka quartzite, chert and
conglomerate (similar to Unit 1).

Matrix

composed of poorly sorted, subangular to
subrounded, medium-grained quartz and chert.

Sandstone, tan, horizontally laminated to
crossbedded at top of unit, poorly sorted,
medium-grained, subangular to subrounded,
quartz and chert.

0.65

Conglomerate, tan, massive grading to
horizontally stratified, clast supported,
poorly sorted, compositionally immature,
subangular to subrounded clasts ranging
in size from 1.5 to 7 cm in diameter.
Clasts consist of Aztec sandstone, Paleozoic
limestone, Eureka quartzite, chert and
Shinarump conglomerate.

Matrix composed
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Thickness
Description

in meters

Unit

medium-grained quartz and chert.

0.85

5

Covered.

4.50

of poorly sorted, subangular to subrounded,

Conglomerate, cross-stratified, clast sup
ported, moderately sorted, compositionally
immature, subrounded to angular clasts ranging
from 1.5 to 7 cm.

Clasts consist of Aztec

Sandstone, Moenkopi Formation, Paleozoic lime
stone, white Eureka quartzite, and chert,
Matrix is composed of subangular, poorly
sorted, medium-grained, quartz and chert.

0.60

Sandstone, tan, crossbedded, poorly sorted,
medium-grained, subangular to subrounded,
quartz and chert.

Conglomerate, tan, corss-stratified, clast
supported, poorly sorted, compositionally
immature, subangular to subrounded clasts
ranging in size from 1.5 to 5 cm in diameter.
Clasts consist of Aztec Sandstone, Paleozoic
limestone, Eureka quartzsite, chert and

0.20

6

96
Thickness
Description

Shinarump conglomerate.

in meters

Unit

0.75

8

0.05

9

Matrix composed of

poorly sorted, subangular to subrounded
medium-grained quartz and chert.

Sandstone, tan, crossbedded, poorly sorted
medium-grained, subangular to subrounded
quartz and chert.

Conglomerate, tan, cross-stratified, clast
supported, poorly sorted, compositionally
immature, subangular to subrounded clasts
ranging in size from 1.5 to 5 cm in diameter.
Clasts consist of Aztec Sandstone, Paleozoic
limestone, Eureka quartzite, chert and Shinarump
conglomerate.

Matrix composed of poorly sorted,

subangular to subrounded, medium-grained quartz
and chert.

0.50

10

0.20

11

Sandstone, tan, crossbedded, poorly sorted,
medium-grained, subangular to subrounded,
quartz and chert.

Conglomerate, tan, corss-stratified, clast
supported, poorly sorted, compositionally
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Thickness
Description

in meters

Unit

0.40

12

0.10

13

immature, subangular to subrounded clasts
ranging in size from 1.5 to 5 cm in diameter.
Clasts consist of Aztec Sandstone, Paleozoic
limestone, Eureka quartzite, chert and Shina
rump conglomerate.

Matrix composed of poorly

sorted, subangular to subrounded, medium-grained
quartz and chert.

Sandstone, tan, crossbedded, poorly sorted,
medium-grained, subangular to subrounded,
quartz and chert.

Conglomerate, tan, cross-stratified, clast
supported, poorly sorted, compositionally
immature, subangular to subrounded clasts
ranging in size from 1.5 to 5 cm in diameter.
Clasts consist of Aztec Sandstone, Paleozoic
limestone, Eureka quartzite, chert and Shina
rump conglomerate.

Matrix composed of poorly

sorted, subangular to subrounded, mediumgrained quartz and chert.

Covered.

0.20

10.95
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Thickness
Description

in meters

Unit

0.30

15

chert.

0.70

16

Covered.

3.00

Sandstone, tan, crossbedded, poorly sorted,
medium-grained, subangular to subrounded,
quartz and chert.

Conglomerate, tan, cross-stratified, clast
supported, poorly sorted, compositionally
immature, subangular to subrounded clasts
ranging in size from 1.5 to 5 cm in diameter.
Clasts consist of Aztec Sandstone, Paleozoic
limestone, Eureka quartzite, chert and
conglomerate (similar to Unit 14).

Matrix

composed of poorly sorted, subangular to
surrounded, medium-grained quartz and

Sandstone, tan, crossbedded, poorly sorted,
medium-grained, subangular,

quartz and chert.

Conglomerate, tan, cross-stratified, clast
supported, compositionally immature,
subangular to subrounded clasts varying
from 1.5 to 7 cm in diameter.

Clasts consist

3.00

99
Thickness
Description

in meters

Unit

1.40

18

of Paleozoic limestone, chert, Aztec Sandstone,
Eureka quartzite and Shinarump conglomerate.
Matrix is composed of subangular, poorly sorted,
medium-grained quartz and chert.

Sandstone, tan, crossbedded, poorly sorted,
medium-grained, subangular, quartz and
chert.

TOTAL THICKNESS.

1.50

34.35

100
Section FM1

This section was measured 1.2 km. southwest of the Simplot Silica Sand
Mine, Clark County, Nevada (Valley of Fire East, U.S.G.S. 7.5 minute
series).

Appendix A Shows the location of section FM1.

The traverse

begins at the contact of the Jurassic Aztec Sandstone and Cretaceous
Willow Tank Formation in NW 1/4, SE 1/4, Sec. 11, T17S., R67E. and
continues northeast to a covered portion of the Willow Tank Formation
containing volcanic ash.

The unit trends 30N307.

Thickness
Description

in meters

Conglomerate, red, clast supported, cross
stratified, poorly to moderately sorted,
compositionally immature, overall clasts of
more uniform size but not well rounded
(average clast size 3-5 cm.) subrounded,
largest clasts vary from 15-24.5 cm. Clasts
consist of well rounded to subrounded white
Eureka quartzite which is highly fractured,
well to subrounded, highly to moderately
fractured, black, red, and yellow chert
(average 0.5 cm.), well rounded to subrounded
Shinarump conglomerate, subrounded Aztec Sandstone.

Unit

101
Thickness
Description

in meters

Unit

subrounded, medium-grained, Aztec Sandstone.

1.50

1

Covered.

8.50

Matrix is composed of red, subangular to

Conglomerate, brownish-gray, clastsupported, massive, poorly sorted, composi
tionally immature, subangular to subrounded
clasts, bimodal

(6-8 cm. and 1 cm.).

Clasts

consist of well rounded limestone, well
rounded Aztec Sandstone, white quartzite,
and Shinarump conglomerate, subrounded and
fractured black chert.

Matrix consists of

medium to coarse grained, subangular black
and red chert, and subangular to subrounded
quartz.

Largest clasts vary from 9-17 cm.

Covered.

Conglomerate, brownish-gray, clastsupported, cross-stratified, moderately
sorted, subangular to subrounded clasts of
grey fossiliferous to non-fossiliferous

0.50

3.00

102
Thickness
Description

in meters

Unit

subangular chert andquartz.

1.30

3

Covered.

7.50

Paleozoic limestone, red, beige sandstone,
white Eureka quartzite, chert and conglom
erate. Matrix consists of poorly sorted,

Conglomerate, brownish-gray, clast supported,
cross-stratified, moderately sorted, sequence
decreases in grain size as you go up section
(average clast size decreases from 8 cm. to
3-4 cm.).

Clasts consists of grey fossiliferous

Paleozoic limestone, red, beige and Aztec
sandstone, chert, white Eureka quartzite,
and conglomerate.

Matrix consists of poorly

sorted, subangular chertand quartz.

1.40

Covered.

3.00

TOTAL THICKNESS

26.7

103
Section FM5

This section was measured 1.05 km. southwest of Florence Mine No. 2,
Clark County, Nevada (Valley of Fire East Quadrangle, U.S.G.S. 7.5
minute series).

Appendix A shows the location of section FM5.

The

traverse begins at the contact of the Jurassic Aztec Sandstone and
Cretaceous Willow Tank Formation in SW 1/4, NE 1/4, Sec. 10, T17S.,
R67E. to a covered portion of the Willow Tapk Formation containing
volcanic ash.

The unit trends N310W, 20°N.

Thickness
Description

in meters

Conglomerate, red, clast supported, massive
to horizontally stratified, normal grading
0.5 m. or less, poorly to moderately sorted,
compositionally immature, clasts range in
size up to 38 cm. but average 10.0-17.5 cm.
for the first 0.6 m . ,7.5-15.0 cm. for the
next 3.0 m . , and 2.5-7.5 cm. for the next
1.82 m. with quartzite and Shinarump conglo
merate clasts being the largest. Clasts
are well rounded to subangular, Aztec Sand
stone, red, yellow and green chert, white
and yellow stained quartzite, and Shinarump
conglomerate.

Matrix consists of poorly

sorted friable, subangular to subrounded,

Unit

104
Thickness
Description

medium-grained quartz and chert.
clasts fractured.

in meters

Unit

5.72

1

Many large

Occasional red horizontally

laminated sandstone stringers (Sh) near the top
of the unit (0.1 m. thick), poorly to mod
erately sorted, medium-grained, quartz and
chert.

Conglomerate, brownish-gray, massive to hor
izontally stratified, clast-supported, compositionally immature, subangular to sub
rounded clasts of grey fossiliferous Palezoic
limestone, black chert, Aztec Sandstone, Eureka
quartzite, and Shinarump conglomerate.

Matrix

consists of gray, poorly sorted, subangular
chert and quartz.

Occasional brown-gray horizon

tally laminated sandstone stringers (less than
0.2 m . ) with subrounded chert and quartz pebbles
(less than 2.5 cm.).

Overall unit is normally

graded but contains massive horizons.

TOTAL THICKNESS

8.25

13.97

105
Section FM6

This section was measured 1.09 km. southwest of Florence Mine No.

2,

Clark County, Nevada (Valley of Fire East, U.S.G.S. 7 minute series).
Appendix A shows the location of section FM6.

The traverse begins at

the contact of the Jurassic Aztec Sandstone and the Cretaceous Willow
Tank Formation in SW 1/4, NE 1/4, Sec. 10, T17S., R67E. to a covered
portion of the Willow Tank Formation containing volcanic ash.

The unit

trends 25N310.

Thickness
Description

in meters

Conglomerate, red, clast supported, massive
to horizontally stratified, poorly sorted,
compositionally immature, clasts range from
granules (rounded to angular) to cobbles up
to 25 cm.(subrounded to well rounded). Clasts
are comprised of Aztec Sandstone, chert,
Eureka quartzite, and Shinarump conglomerate
(average clast size is 2.5 to 5 cm.).

Matrix

consists of poorly sorted, angular, medium
to coarse-grained quartz and chert.

One

horizon contains well rounded clasts of
Shinarump conglomerate and quartzite (25 cm.
in diameter).

3.70

Unit

106
Thickness
Description

in meters

Unit

0.70

2

0.15

3

Conglomerate, brownish-gray, clast supported,
massive, clast range from 2.5 to 5 cm. in
diameter and consist of light gray and black
Paleozoic limestone, white quartzite, black
chert, and Aztec Sandstone in a coarse to
medium-grained quartz and chert matrix.
Many imbricated platey and oblate clasts.

Sandstone, brownish-gray, crossbedded, poorly
to moderately sorted, subangular, mediumgrained chert and quartz.

Conglomerate, brownish-gray, clast supported,
massive, normal grading, subangular to sub
rounded clasts (average diameter from 1.5 to
2.5 cm.).

Clasts comprised of Paleozoic

limestone, chert, red and beige sandstone,
Eureka quartzite, and Shinarump conglomerate.
Matrix composed of poorly sorted, subangular,
medium-grained chert and quartz.

0.62

Sandstone, brownish-gray, crossbedded, poorly
to moderately sorted, subangular, mediumgrained chert and quartz.

0.15

5

107
Thickness
Description

in meters

Unit

Conglomerate, brownish-gray, clast supported,
massive, normal grading, subangular to subrounded
clasts (average diameter from 1.5 to 2.5 cm.).
Clasts comprised of grey Paleozoic limestone,
chert, red and beige sandstone, Eureka quartzite,
and Shinarump conglomerate. Matrix composed of
poorly sorted, subangular, medium-grained chert
and quartz.

0.62

6

0.05

7

Sandstone, brownish-gray, crossbedded, poorly
to moderately sorted, subangular, mediumgrained chert and quartz.

Conglomerate, brownish-gray, clast supported,
massive, normal grading, subangular to sub
rounded clasts (average diameter from 1.5 to
2.5

cm.).

Clasts comprised of grey Paleozoic

limestone, chert, red and beige sandstone,
Eureka quartzite, and Shinarump conglomerate.
Matrix composed of poorly sorted, subangular,
medium-grained chert and quartz.

TOTAL THICKNESS

4.75

10.74

108
Section SD2

This section was measured 0.4 km north of Silica Dome in Valley of
Fire State Park, Clark County, Nevada (Valley of Fire East Quadrangle,
U.S.G.S. 7.5 minute series).
SD2.

Appendix A shows the location of section

The traverse begins at the contact of the Jurassic Aztec

Sandstone and Cretaceous Willow Tank Formation in SE 1/4, NE 1/4,
Sec. 16, T17S., R67E. and continues north tp a covered portion of the
Willow Tank Formation containing volcanic ash.
310°.

The unit trends 28°N

The ledge-forming conglomerate is covered with desert varnish

and is brown-black in color.
section is covered with talus.

The upper portion of the stratigraphic
Contact with the underlying Aztec

Sandstone is unconformable and sharp, while contact with the overlying
volcanic ash is covered.

Thickness
Description

in meters

Conglomerate, brown-black, clast-supported,
massive, poorly sorted, compositionally
immature, angular to rounded, clast diameter
less than 17.5 cm.

Clasts comprised of gray

Paleozoic limestone, black and red chert,
Precambrian white, coarse-grained quartzite,
Ordovician Eureka quartzite, Shinarump con
glomerate and Aztec Sandstone.

Unit

Thickness
Description

in meters

Matrix consists of poorly sorted, mediumgrained chert and quartz.

0.8

Sandstone, brown, horizontally laminated,
poorly to moderately sorted, coarse to very
coarse quartz and chert (red and black)
subrounded to subangular.

0.2

Conglomerate, black-brown, clast supported,
massive, poorly sorted, compositionally
immature, angular to rounded, primarily
rounded to 17.5 cm.

Clasts composed of

angular to rounded, light to dark gray
micritic Palezoic limestone, subangular to
subrounded tan Aztec Sandstone, subangular
to subrounded granular red chert, and sub
rounded banded black chert.

Matrix is

medium— grained quartz and chert.

1.0

Sandstone, brown, crossbedded, poorly to
moderately sorted, subangular, medium-grained
chert and quartz.

0.65

110
Thickness
Description

in meters

Unit

Conglomerate, black-brown, clast supported,
trough cross-stratified, poorly sorted,
compositionally immature, angular to rounded,
Clasts comprised of micritic Paleozoic lime
stone, tan to beige, subrounded Aztec Sandstone,
subangular to subrounded, coarse and fine quart
zite, subangular to subrounded red and black chert.
Matrix is composed of poorly sorted, mediumgrained chert and quartz.

0.35

5

1.2

6

Conglomerate, black-brown, clast supported,
massive, poorly sorted, compositionally immature,
subangular to rounded clasts.

Clasts comprised

of light to dark gray, subrounded to rounded,
micritic, Paleozoic limestone; tan to orange,
subrounded Aztec Sandstone; subrounded coarse
and fine quartzite; and subangular to subrounded
black and red chert.

Matrix is composed of

poorly sorted, medium-grained chert and quartz.

Sandstone, brown, horiziontally laminated, poorly
to moderately sorted, medium to coarse chert and
quartz, subangular to subrounded, with occasional
subrounded chert or quartz pebbles up to 0.5 cm.

0.2

Ill
Thickness
Description

in meters

Unit

medium-grained, subangular chert and quartz.

1.0

8

TOTAL THICKNESS

5.4

Sandstone, brown, crossbedded, poorly sorted,

112
Section SD3

This section was measured approximately 0.65 km east of Silica Dome in
Valley of fire State Park, Clark County, Nevada (Valley of Fire East
Quadrangle, 7.5 minute series).
section SD3.

Appendix A shows the location of

The traverse begins at the contact of the Jurassic Aztec

Sandstone and the Cretaceous Willow Tank Formation in NE 1/4, SW 1/4,
Sec. 15, T.17S, R.67E. and continues northwest to a covered section of
the Willow Tank formation containing volcanic ash.
28°N310°.

The unit trends

The ledge forming conglomerate is covered with black-brown

desert varnish.

Contact with the underlying Aztec Sandstone in

unconformable and distinct, while contact with the overlying volcanic
ash is covered.

Thickness
Description

in meters

Unit

1.2

1

Conglomerate, red, clast supported, cross
stratified, poorly sotred, compositionally
immature, angular to rounded, clast diameter
averages 6 to 11 cm.

Clasts consist of white

quartzite, red to tan Aztec sandstone, Shinarump
conglomerate, and chert.

Matrix consists of

poorly sorted medium-grained chert and quartz.

113
Thickness
Description

in meters

Unit

Sandstone, red, crossbedded, poorly to moderately
sorted, medium-grained, subangular to subrounded,
occasionally pebbly (0.5 to 2.5 cm. diameter)
quartz and chert.

0.34

2

1.5

3

t

Conglomerate, red, clast supported, cross
stratified, poorly sorted, compositionally
immature, angular to rounded, clast diameter
averages 6 to 11 cm.

Clasts consist of white

quartzite, red to tan sandstone, Aztec sandstone,
Shinarump conglomerate, and chert.

Matrix con

sists of poorly sorted, medium grained chert
and quartz.

Sandstone, red, crossbedded, poorly to moderately
sorted, medium-grained, subangular to subrounded,
quartz and chert.

0.4

Covered.

4.0

Conglomerate, brown, clast supported, cross
stratified, poorly sorted, compositionally
immature, rounded to subangular, clast size
decreases up section, clasts diameter averages

114
Thickness
Description

in meters

Unit

grained chert and sand.

3.0

5

Covered.

1.5

from 10 to 2 cm., yet largest clasts range
from 16 to 20 cm. in diameter.

Clasts consist

of gray Paleozoic limestone, black and red
chert, white quartzite, tan and red sandstone,
Aztec sandstone, and Shinarump conglomerate.
Matrix consists of poorly sorted, medium-

Conglomerate, brown, clast supported, massive,
poorly sorted, compositionally immature, angular
to rounded, clast diameter averages from 2 to
10 cm.

Clasts consist of gray, Paleozoic lime

stone, black and red-brown chert, white quartzite,
tan and red sandstone, Aztec sandstone and Shinarump
conglomerate.

Matrix consists of poorly sorted,

medium-grained chert and sand.

1.5

Sandstone, brown, crossbedded, poorly to moderately
sorted medium-grained, subangular to subrounded,
quartz and chert.

0.22

7

115
Thickness
Description

in meters

Unit

Conglomerate, brown, clast supported, cross
stratified, poorly sorted, compositionally
immature, rounded to subangular, clast diameter
averages 2 to 10 cm.

Clasts consist of grey

Paleozoic limestone, black and red chert, white
quartzite, tan and red sandstone, Aztec sandstone,
and Shinarump conglomerate.

Matrix consists of

poorly sorted, medium-grained chert and sand.

TOTAL THICKNESS

1.5

15.16

8

116
Section TM1

This section was measured NW 1/4, SE 1/4, Sec. 5, T17S., R67E.
Clark County, Nevada (Valley of Fire West Quadrangle, U.S.G.S. 7.5
minute series).

Appendix A shows the location of section TM1.

The

traverse begins at the contact of the Jurassic Aztec Sandstone and
Cretaceous Willow Tank Formation in Sec. 5 and continues northeast to
a covered portion of the Willow Tank Formation containing volcanic
ash.

The unit trends 26°E 350°.

Thickness
Description

in meters

Unit

0.75

1

Conglomerate, brown, clast supported,
massive to horizontally stratified,
poorly sorted, bimodal (7.6 to 15 cm and
2.5 cm diameter), largest clasts are
rounded and range from 22 cm to 37 cm with
one irregular block of Aztec sandstone 67 cm.
in length.

Clasts consist of red to beige

Aztec Sandstone, white Eureka quartzite; red,
and black chert, and brownish-red Shinarump
conglomerate.

Matrix consists of red,

poorly sorted, medium grained quartz and
chert.

117
Thickness
Description

in meters

Unit

Sandstone, red, crossbedded, poorly to mod
erately sorted, medium grained, subangular
to subrounded quartz and chert.

0.10

2

Conglomerate, red, clast supported, cross
stratified, moderately sorted, composi
tionally immature, subrounded to rounded
clasts consisting of red Aztec Sandstone,
white Eureka quartzite, red, green, brown,
black chert, and brown Shinarump Conglom
erate.

Matrix consists of red, poorly

sorted, medium grained, subangular to sub
round quartz and chert.

0.65

Sandstone, red, crossbedded, poorly to
moderately sorted, medium grained, sub
angular to subrounded quartz and chert.

Conglomerate, brown, clast supported, massive
to crudely horizontal bedding, poorly sorted
with the average clast size approximately 6 cm.
in diameter although the largest clasts
ranged from 11 cm to 22 cm in diameter.

0.3

3

118
Thickness
Description

in meters

Unit

1.2

5

0.05

6

Clasts consisted of light to dark grey, fossiliferous to nonfossiliferous Paleozoic
limestone; black yellow and brown chert; red
and tan sandstone, brown Shinarump conglom
erate and white Eureka quartzite.

Matrix

,

consists of brown, poorly sorted, subangular
to subrounded chert and quartz.

Sandstone, brown, horizontally laminated,
poorly to moderately sorted, medium grained
occasionally pebbly (9 cm. diameter) subangular
to subrounded quartz and chert.

Conglomerate, brown, clast supported, cross
stratified, moderately sorted, compositionally
immature, average clast size varies from 2 cm.
to 3 cm.

Clasts consists light to dark grey,

fossiliferous to nonfossiliferous, Paleozoic
limestone; black, brown and tan chert; red and
tan sandstone, white Eureka quartzite; and brown
Shinarump conglomerate.

Matrix consists of

brown, poorly sorted, medium-grained, sub
angular to subrounded quartz and chert.

0.8

119
Thickness
Description

in meters

Unit

1.45

8

0.2

9

0.2

10

0.25

11

Sandstone, brown, crossbedded, poorly sorted,
very pebbly, subrounded, medium grained,
subangular to subrounded, quartz and chert.

Sandstone, brown, crossbedded, poorly sorted,
medium grained to coarse grained, subangular
to subrounded, quartz and chert.

Conglomerate, brown, clast supported, mas
sive, compositionally immature, average clast
size is 5 cm. to 6 cm. in diameter.

Clasts

consist of light to dark grey, fossiliferous
to nonfossiliferous Paleozoic limestone; red
to tan sandstone; black, brown, white chert;
white Eureka quartzite; brown Shinarump con
glomerate.

Matrix is brown, poorly sorted,

medium grained, subangular to subrounded
quartz and chert.

Sandstone, brown, crossbedded, poorly sorted,
medium grained, subangular to subrounded,
quartz and chert.

120
Thickness
Description

in meters

Unit

0.65

12

Conglomerate, brown, clast supported, massive,
compositionally immature, moderately to poorly
sorted, average clasts range from 5 to 6 cm
in diameter.

Clasts consist of light to dark

grey, fossiliferous to nonfossiliferous,
Paleozoic limestone; black, brown, and tan
chert; red and tan sandstone; white Eureka
quartzite; and brown Shinarump conglomerate.
Matrix consists of brown, poorly sorted, medium
grained, subangular to subrounded quartz and
chert.

Conglomerate, brown, clast supported, cross
stratified, moderately sorted, compositionally
immature, average clast size 5 cm. to 6 cm.
Clasts consist of light to dark, fossili
ferous to nonfossiliferous, Paleozoic lime
stone; black, brown, red, and tan chert; red
and tan Sandstone; white Eureka quartzite;
and brown Shinarump conglomerate.

Matrix

consists of brown, poorly sorted, medium
grained subangular to subrounded quartz and
chert.

1.20

121
Thickness
Description

in meters

Covered.

4.5

TOTAL THICKNESS

12.3

Unit

122
Section TM2

This section was measured in SW 1/4, SE 1/4, Sec. 5, T17S., R67E.,
Clark County, Nevada (Valley of Fire West Quadrangle, U.S.G.S. 7.5
minute series).

Appendix A shows the location of Section T M2.

The

traverse begins at the contact of the Jurassic Aztec Sandstone and
Cretaceous Willow Tank Formation in Sec. 5 and continues northeast to
the stratigraphic portion of the Willow Tank containing volcanic ash.
The unit is a ledge former and is covered with black desert varnish.
The unit trends 26°N340°.

Thickness
Description

in meters

Conglomerate, red clast supported, massive,
poorly sorted,

(average clasts range from

5 mm. to 2.5 cm. with the largest clasts
ranging from 9 cm. to 15 cm. in diameter),
compositionally immature, subangular to very
well rounded.

The large clasts are all well

rounded clasts consist of red Aztec Sandstone,
purple sandstone, brown Shinarump conglomerate,
white Eureka quartzite, and black, yellow,
red, and green chert.

The smaller pebble

clasts consist primarily of chert.

The

Unit

123
Thickness
Description

in meters

Unit

1.0

1

0.7

2

matrix consists of poorly sorted, medium to
coarse grained quartz and chert sand.

Conglomerate, red, clast supported, cross
stratified, poorly sorted, compositionally ,
immature, subrounded to rounded clasts of
red Aztec Sandstone; brown Shinarump conglom
erate; white Eureka quartzite; and black,
red, yellow, and green chert.

Predominate

clast size is approximately 2.5 cm in dia
meter.

Matrix consists of poorly sorted,

medium to coarse grained quartz and chert
sand.

Sandstone, red, crossbedded, poorly to mod
erately sorted, medium grained, occasionally
pebbly, subangular to subrounded quartz and
chert.

Conglomerate red, clast supported, massive,
sorted, compositionally immature, average
clast size ranges from 5 mm. to 2.5 cm. in
diameter with large, rounded clasts ranging

0.25

124
Thickness
Description

from 9 cm. to 15 cm. in diameter.

in meters

Unit

0.6

4

Clasts are

subangular to subrounded, and consist of red
and beige Aztec Sandstone; white Eureka
quartzite; red, black, green, yellow, and
brown chert; and brown Shinarump conglomerate.
Matrix consists of red, poorly sorted, mediumgrained quartz and chert sand.

Conglomerate, red, massive, poorly sorted
compositionally immature, average clast
size is approximately 2.5 cm. in diameter.
Clasts are subangular to subrounded, and
consist of red and beige Aztec Sandstone;
white Eureka quartzite; red, black, brown,
yellow and green chert; and brown Shinarump
conglomerate.

Matric consists of red,

poorly sorted, medium-grained quartz and
chert sand.

0.5

Sandstone, red, crossbedded, lenticular,
poorly to moderately sorted, medium grained,
subangular to subrounded quartz and chert.

0.2

6

125
Thickness
Description

in meters

Unit

3.2

7

0.1

8

Conglomerate, red, clast supported, cross
stratified, poorly sorted, compositionally
immature, subrounded to subangular clasts of
red to beige Aztec Sandstone, white Eureka
quartzite, purple-red sandstone; green, black,
red, and yellow chert; and brown Shinarump
conglomerate.

Matrix consists of red, poorly

sorted, medium-grained, subangular to sub
rounded quartz and chert sand.

Sandstone, red, crossbedded, lenticular,
poorly to moderately sorted, medium grained,
subangular to subrounded chert and quartz.

Conglomerate, red, clast-supported, cross
stratified, compositionally immature, subrounded
to subangular clasts of red to beige Aztec
Sandstone; white Eureka quartzite, purple-red
sandstone; green, black, red, and yellow chert;
and brown Shinarump conglomerate.

Matrix

consists of red, poorly sorted, medium grained,
subangular to subrounded, quartz and chert sand.

0.3

126
Thickness
Description

in meters

Unit

0.1

10

Sandstone, red, crossbedded, lenticular, poorly
to moderately sorted, medium grained, subangular
to subrounded quartz and chert.

Conglomerate, brown, clast supported, cross
stratified, poorly to moderately sorted, composi
tionally immature, subrounded to subangular,
predominant clast size is approximately 2.5 cm.
Clasts consist of light to dark grey, nonfossili
ferous to fossiliferous, some containing black
chert nodules, Paleozoic limestone; black chert;
white Eureka quartzite; red to beige Aztec
sandstone; and brown Shinarump conglomerate.
The largest of clasts range from 16.5 cm.
to 19.0 cm. in diameter (Eureka quartzite,
Shinarump conglomerate, chert, and limestone).
Matrix consists of brown, poorly sorted, medium
grained, subangular to subrounded quartz and
chert sand.

0.5

Sandstone, brown, horizontally laminated,
poorly to moderately sorted, medium grained,
subangular to subrounded quartz and chert.

0.1

12

127
Thickness
Description

in meters

Unit

0.15

13

Sandstone, brown, crossbedded, poorly to
moderately sorted, medium grained, subangular
to subrounded quartz and chert.

Conglomerate, brown, clast supported, cross
stratified, poorly to moderately sorted,
compositionally immature, subrounded, clasts
of light to dark grey, nonfossiliferous to
fossiliferous, Paleozoic limestone, with
occasional black, chert nodules; black chert;
white Eureka quartzite; red to beige Aztec
Sandstone; and brown Shinarump conglomerate.
Matrix consists of brown, poorly sorted,
medium grained, subrounded to subangular
chert and quartz sand.

1.20

TOTAL THICKNESS

8.9

128
Section GH1

This section was measured in SW 1/4, NE 1/4, Sec. 7, T20.5, R65E.,
(Government Wash Quadrangle, U.S.G.S. 7.5 minute series).
shows the location of section GH1.

Appendix A

The traverse begins at the contact

of the Jurassic Aztec Sandstone and Cretaceous Willow Tank Formation
in Sec. 7 and continues NE to a covered portion of the Willow Tank
Formation containing volcanic ash and sandstone.
«
29N307.

The unit trends

The lower red and upper black conglomerate are ledge formers

while to upper portion of the Willow Tank formation is covered with
talus.

Contact with the underlying Aztec Sandstone is sharp.

Thickness
Description

in meters

Unit

Conglomerate, red, clast-supported massive
to normally graded, moderately sorted,
compositionally immature, well rounded
black, green, yellow and white chert; and
orange and beige medium-grained Aztec
Sandstone ranging from granule to 5 cm. in
diameter.

The matrix consists of red,

medium-grained quartz sand.

Several red,

medium-grained trough cross-stratified
sandstone lenses (4 in. to 18 in. in
thickness) are present within the
conglomerate.

1

.

7

1
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Thickness
Description

in meters

Unit

1.5

2

3.0

3

Sandstone, red, trough cross-stratified,
poorly sorted, medium-grained, subangular
to subrounded quartz and chert.

Conglomerate, brown, clast-supported, cross
stratified, moderately sorted, compositionally
immature, subangular to rounded clasts averaging
from 1 cm. to 3 cm. in diameter.
composed of:

Clasts are

Aztec Sandstone, yellow to tan,

subrounded to subangular; Paleozoic limestone,
light to dark gray, fossiliferous, micritic,
subangular to subrounded; chert, black, red,
subrounded; Eureka quartzite, white, fine
grained, subrounded to well rounded.

Matrix

is composed of subangular to subrounded, poorly
sorted, medium-grained, quartz, and black and
red chert.

Sandstone, brown, crossbedded, poorly sorted,
medium-grained, subangular to subrounded, quartz
and black chert sand.

1.6

TOTAL THICKNESS

7.8
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Section GH2

This section was measured in NE 1/4, NW 1/4, Sec. 7, T20S., R65E.
(Government Wash Quadrangle, U.S.G.S. 7.5 minute series).
shows the location of section GH2.

Appendix A

The traverse begins at the contact

of the Jurassic Aztec Sandstone and Cretaceous Willow Tank Formation,
and continues northeast to the section of Willow Tank Formation
containing volcanic ash.

The unit trends 29N307.

The ledge-forming conglomerate unconformably

overlies the Aztec Sandstone.
black-brown color.

The conglomerate has a weathered

It contains a noticeable white paleosol dividing

the upper from lower conglomerate units.

The upper most portion of

the conglomerate is covered with talus from the overlying Cretaceous
Baseline conglomerate.

Contact with the overlying volcanic ash is

generally covered with talus yet is noted to be distinct and
conformable upon the conglomerate in eroded gullies.

Thickness
Description

in meters

Conglomerate, red, clast supported, massive
to normally graded, poorly to moderately
sorted, compositionally immature, clasts are
well rounded to subrounded, average clast
size 5 cm.

Clasts consist of white Eureka

quartzite; yellow, green, red, white, and

Unit
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Thickness
Description

black chert; and red Aztec sandstone.

in meters

Unit

1.5

1

1.2

2

Matrix

is composed of red, medium grained sand.

Conglomerate, red, clast supported, cross
stratified, moderately sorted, compositionally
immature, subrounded to well rounded clasts
(average 3 cm. diameter).

Clasts composed of

white Eureka quartzite; red to tan Aztec
Sandstone; and white, black, green, yellow,
and red chert.

Matrix is composed of red,

medium grained sandstone.

Sandstone, red, crossbedded, poorly to mod
erately sorted, medium grained, pebbly sub
angular to subrounded quartz and chert.

Paleosol, white, calcareous, laterally dis
continuous, varies in thickness from <1.0 mm
to 5.0 mm.

Conglomerate, brown, clast supported, cross
stratified, moderately sorted, compositionally
immature, subangular to well rounded, averaging

0.6

132
Thickness
Description

1 to 3 cm.

in meters

Unit

6.75

4

Clasts are composed of light

to dark grey, Paleozoic, fossiliferous
and nonfossiliferous limestone; red Aztec
Sandstone; black, red, green, yellow, and
white chert; white Eureka quartzite; and
red-brown Shinarump conglomerate.

Largest

clasts range from 10 to 14.5 cm. in diameter.
Matrix consists of poorly sorted, subangular
black and brown chert and quartz.

Sandstone, brown, crossbedded, poorly sorted,
medium grained, subangular to subrounded,
quartz and black, brown chert.

TOTAL THICKNESS

0.15

10.20
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Section GH3

This section was measured in SW 1/4, SW 1/4, Sec. 7, T20S., R65E.
(Government Wash Quadrangle, U.S.G.S. 7.5 minute series).
shows the location of section GH3.

Appendix A

The traverse begins at the contact

of the Jurassic Aztec Sandstone and Cretaceous Willow Tank Formation
and continues up section through the remaining exposure of the Willow
Tank conglomerate.

The unit trends 25°N 190°.

The ledge forming

conglomerate unconformably overlies the Aztec Sandstone.
conglomerate has a black-brown desert varnish.

The

The white paleosol,

present in the other Gale Hills locations, was not observed at this
locale.

The largest clasts in the conglomerate range from 13 to

25 cm. in diameter.

Thickness
Description

in meters

Unit

1.2

1

Conglomerate, red, clast supported, massive
to normally graded, poorly sorted, composi
tionally immature, clasts subrounded to
rounded, average clast size 5 cm.

Clasts

composed of red Aztec Sandstone; white Eureka
quartzite; red Shinarump conglomerate clasts;
yellow, green, red, and black chert.

Matrix

is composed of red, medium grained sandstone.
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Thickness
Description

in meters

Unit

Conglomerate, red, clast supported, cross
stratified, moderately sorted, compositionally
immature, subrounded to rounded clasts averaging
less than 2 cm. in diameter.

Clasts are composed

of beige and red Aztec Sandstone; white Eureka
quartzite; red, green, yellow, and black chert;
and red-brown Shinarump conglomerate.

Matrix is

composed of red, medium grained, moderately sorted
sand.

2.1

Sandstone, red, crossbedded, poorly to mod
erately sorted, medium grained, occasionally
pebbly, subangular to subrounded quartz and
chert.

0.3

Conglomerate, red, clast supported, cross
stratified, moderately sorted, composi
tionally immature, subrounded to rounded
clasts averaging less than 2 cm. in diameter.
Clasts are composed of red and beige Aztec
Sandstone; white Eureka quartzite; red, green,
white, yellow, and black chert; and red
Shinarump conglomerate.

Matrix is composed

2
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Thickness
Description

in meters

Unit

1.4

4

0.2

5

of red, medium grained, moderately sorted
quartz and chert sandstone.

Sandstone, red, crossbedded, poorly to mod
erately sorted, medium grained, occasionally
pebbly, subangular to subrounded quartz and
chert.

Conglomerate, red, clast supported, cross
stratified, moderately sorted, composi
tionally immature, subrounded to rounded
clasts of red and yellow Aztec Sandstone;
white Eureka quartzite; red, green, black,
and yellow chert; and red Shinarump conglom
erate.

Matrix is composed of red, medium

grained, moderately sorted quartz and chert
sand.

Conglomerate, brown, clast supported, cross
stratified, moderately sorted, composi
tionally immature, subrounded to rounded
clasts of blue-gray Paleozoic limestone,
black chert, tan and red Aztec Sandstone,

1.3
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Thickness
Description

in meters

Unit

0.7

7

0.75

8

white Eureka quartzite and red-brown
Shinarump conglomerate.

Matrix consists of

brown, medium grained, poorly sorted chert
and quartz.

Sandstone, brown, crossbedded, moderately
sorted, medium grained, subangular to sub
rounded black and brown chert and quartz.

Conglomerate, brown, clast supported, cross
stratified, moderately sorted, composi
tionally immature, subangular to rounded
with the largest clasts ranging from 16 cm.
to 25 cm. in diameter.

Clasts consist of

blue-gray to dark gray Paleozoic, fossil
iferous, limestone; black chert; white
Eureka quartzite; tan to red Aztec Sandstone;
and brown Shinarump conglomerate.

Matrix

consists of poorly sorted, medium grained,
black, brown and red chert, and quartz
sandstone.

2.45

137
Thickness
Description

in meters

Unit

0.2

10

Sandstone, brown, planar tabular and some
cross laminated, poorly sorted, medium
grained, subangular to subrounded, occa
sionally pebbly (1 cm.) quartz, and black
and brown chert.

Sandstone, brown, crossbedded, poorly sorted,
medium grained, subangular to subrounded,
quartz, and black and brown chert.

TOTAL THICKNESS

0.9

11.5

APPENDIX E
ROSE DIAGRAMS

LOCATION QH3
UPPER CONGLOMERATE
P O L E S O F IMBRICA TED C L A S T S

W-

MEAN 1 9 7 *
MAGNITUDE 0 . 0 5

LOCATION GH1
UPPER CONGLOMERATE
POLES OF IMBRICATED CLASTS

N

-5
PERCENT

-10

*-15

MEAN 2 1 2 *
MAGNITUDE 0 . 3 4

S

139

LOCATION L1
UPPER CONGLOMERATE
POLES OF IMBRICATED CLASTS

140

MEAN 8 1 *
MAGNITUDE 0 . 4 7

LOCATION TM2
UPPER CONGLOMERATE
POLES OF IMBRICATED CLASTS

MEAN 1 0 8 *
MAGNITUDE 0 . 7 1

PERCENT

141

L O CA T IO N S 0 2
UPPER CONGLOMERATE
P O L E S O F IMBRICATED C L A S T S

W --

104

'
MEAN 1 4 6 *
M A G NI T U DE 0 . 2 6

L O C A T I O N FM1
LOWER CONGLOMERATE
P O L E S O F IMBRICATED C L A S T S

N

W

27

-0

P ER C EN T

-5
-1 0

Ms

t
MEAN 1 2 2 *
MAGNITUDE 0 . 5 4
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LOCATION T M 1
UPPER CONGLOMERATE
P O L E S O F IM B R I C A TE D C L A S T S

N

80

MEAN 1 4 2 *
MAGNITUDE 0 . 7 2

L O C A T I O N TM1
LOWER CONGLOMERATE
P O L E S O F IM BRICATED C L A S T S

P ER C EN T

5
-10

-15

MEAN 1 6 7 *
MAGNITUDE 0 . 1 6
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L O C A T I O N GH 2
UPPER CONGLOMERATE
P O L E S O F IM B R IC A TE D C L A S T S

34
» ME AN 0 6 *
MAGNITUDE 0 . 3 6

LOCATION GH2
LOWER CONGLOMERATE
P O L E S O F IMBRICATED C L A S T S

W

35

-0
PERCENT

-6
-10

A MEAN 1 2 8 *
MAGNITUDE 0 . 8 1

LOCATION FM5
UPPER CONGLOM ERATE
P O L E S O F IMBRICATED C L A S T S

144

N

83

t
MEAN 1 1 8 *
MAGNITUOE 0 . 6 6

LOCATION FM5
LOWER CONGLOM ERATE
P O L E S O F IM BRICATED C L A S T S

w
MEAN 8 0 *
MAGNITUDE 0 . 8 2

PERCENT

r*5

10

15
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LOCATION SD 3
UPPER CONGLOMERATE
P O L E S O F IMBRICATED C L A S T S

W

52
f cto M E A N 9 7 s
M AGNITUDE 0 . 3 1

s

LOCATION SD 3
LOWER CONGLOM ERATE
P O L E S O F IM BRICATED C L A S T S

29
^
MEAN 9 7 *
MAGNITUDE 0 . 5 6

S
-10
-15

